Background: Inspite of the body of knowledge which exists on mortality, the literature is void of a study on 'Time-specific Mortality'.
Introduction
The study of human mortality is well researched in demography and this dates back to the seventeenth century when John Graunt sought to explain occurrence of deaths in London, England [1] . Mortality is the first constitutent of the study of demography and it contributes to many aspects of the discipline to include life expectancy, population parameters (i.e., growth rate, age structure), late-life mortality deceleration, health, stable population and life tables [2] [3] [4] [5] [6] . Outside of the established tenets of mortality (i.e., life expectancy, life tables, stable population, age structure, population projection and population growth rate), a Caribbean health demographer, Paul Andrew Bourne, along with other scholars have added an extensive body of literature on mortality to include and not limited to deaths at older ages (75 + years), the economics of mortality at older ages, and mortality and health [7] [8] [9] [10] as well as murder economics [11] .
The study of mortality is a highly mathematical area, which explains it being studied by mathematicians, actuarists, and statisticians as well as demographers, with each contributing a part to the general mortality discourse [2, 3, [12] [13] [14] [15] [16] . Inspite of the body of knowledge which exists on mortality, the literature is void of a study on 'Time-specific Mortality.' Researchers and agencies like the World Health Organizations have been preoccupied, rightfully so, with non-communicable diseases (CNCDs) because they account for the majority of human deaths in the world [17] [18] [19] [20] [21] [22] and no attention is placed on 'Time-specific Morality.' This study is proposing that 'Time-specific Mortality'covers the area of geographical and time mortality. The reality is, the mortality discourse is void of a study that examines whether deaths occur more at a particular time of the year or geographical locality. In addition, we also tested six hypotheses 1) mortality is influenced by urbanization
Theoretical framework
The Gompertz-Makeham law of mortality described that death rate is a composite function of age-independent components (named after Makeham) and the age-dependent components (named after Gompertz) [2, 3] . The Gompertz-Makeham law of mortality showed that death exponentially increases with age, using age from 30 to 80 years. It is expressed in the hazard function below (i.e., h(x)): This study employs the Gompertz-Makeham law of mortality to examine deaths in Jamaica, while expanding on the discourse to include urbanization, sex-ratio, area and time of death.
Materials and Methods
The current work is a secondary data analysis. The data were derived from various Jamaica Government Publications including The Economic and Social Survey of Jamaica (ESSJ) [23] ; 2011 Census of Population & Housing report for Jamaica [24] ; the Demographic Statistics [25] , and the Statistical Department of the Jamaica Constabulary Force (JCF) [26] . Demographic Statistics provide data on mortality, population, and deaths and the Statistical Department of the Jamaica Constabulary Force on murders. The Economic and Social Survey of Jamaica (ESSJ) is a publication which collates information on social and economic indicators of Jamaica. It is a publication by the Planning Institute of Jamaica. The period for this work is from 2000 to 2011. Data were recorded, stored and retrieved using the Statistical Packages for the Social Sciences for Windows, Version 21.0, as well as Microsoft Excel. The level of significance that is used to determine statistical significance is less than 5% (0.05). This study applies the computations of rates, proportion and probability. Ordinary least square (OLS) regression analyses are used to establish the model for mortality. We also tested six hypotheses 1) mortality is influenced by urbanization and the sex-ratio, 2) urbanization has a greater influence on mortality than the sex-ratio, 3) a direct correlation exists between urbanization and the sex-ratio (using data for 2011), 4) the probability of death for age is an exponential func tion, 5) the probability of death for age is the same slope over the lifecourse, and 6) the probability of death is the same slope over the lifecourse:
H o 1 (i.e., null hypothesis one): Mortality in Jamaica ≠ ƒ (Urbanization, Sex-ratio) H o 2 (i.e., null hypothesis two): Urbanization contributes less to mortality than the sex-ratio H o 3: (i.e., null hypothesis three): A direct correlation exists between urbanization and the sex-ratio H o 4 (i.e., null hypothesis four): The probability of death for age is not an exponential function H o 5 (i.e., null hypothesis five): The probability of death for age is the same slope over the lifecourse H o 6 (i.e., null hypothesis six): Urbanization constantly increases the rate of death in geographical areas.
Operational definitions
Mortality rate (crude death rate): The total number of recorded deaths for a period 12-month (i.e., from January to December, D x ) divided by the mid-year population (N t ) time 1,000:
Murder denotes the number of people unlawfully killed (a crime causing death without a lawful excuse) within a particular geopolitical zone (excluding police killings or homicides). Murder rate: The total number of people killed (excluding police killings) divided by the midyear population times 1,000.
Age-specific death rate: Number of deaths in age interval x to x+n divided by mid-year population in age interval x to x+n for time period
Proportion of age in interval: Mid-year population in age interval x to x+n divided by the mid-year population of the nation for the time period t:
Daily murder: The total number of murder for each year divided by 365.
Daily mortality: Total number of deaths divided by 365.
Murder/mortality rate: The total number of murder for a year divided by total number of deaths for the corresponding year times 100.
Proportion of deaths:
The total number of deaths for a specific area divided by the total number of deaths for the nation in time period i.
Area-specific mortality: Total number of deaths for a specific area for time period i divided by the total number of deaths for the nation in time period i.
Time-specific mortality: Total number of deaths for a specific time period i divided by the total number of deaths for the nation in time period i.
Area-specific probability of mortality:
where q x area-specific probability of mortality (or deaths); D x is registered deaths in a specific area for period x, and K x is estimated mid-year population for time perid x.
Age-specific probability of mortality:
where q x age-specific probability of mortality (or deaths); D x is registered deaths for the age interval x, and K x is estimated mid-year population for the age cohort x. where q x probability of mortality (or deaths) in period x; D x is registered deaths for period x, and K x is estimated mid-year population for time perid x.
Probability of death:
Probability of survival to age x, p x :
where p x is the probability of survival to age in period x, q x probability of mortality (or deaths) in period x; D x is registered deaths in period x, and K x is estimated mid-year population for time perid x.
Sex ratio: The total number of males in a particular geographical area for time period i divided by the total number of females in the same geographical area for time period i times 100. A value over 100 indicates more males per 100 females and vice versa (less males per 100 females): Sex ratio=M i /F i x 100, where M i denotes the number of males in a geographical area for time period i and F i means the total number of females in the corresponding geographical area for time period i.
Urbanization:
A percentage of a geographically defined border that is urban-that is having a population of 2000+ people, modern amenities and utilities. Table 1 presents information on mortality, murder and rates of murder mortality, and murder expressed over mortality rate. The annual mortality rate in Jamaica lies between 550 per 100,000 and 798 per 100,000 for the period 2000 to 2011 with the murder rate per 100,000 being between 34 and 63. Overall, on average 4 Jamaicans are murdered daily over the studied period and the average murder as a percentage of mortality for the 13 years is 8, with the rate being the highest in 2005 (11%). Furthermore, for the studied period, the mean number of Jamaicans that die daily is 45, of which four are murdered. Table 2 presents the Area-specific Mortality Model. Over the 12 years (2000-2011), there were 185, 218 reported deaths in Jamaica. Of the total number of reported deaths, 20% of those were in Kingston and Saint Andrew (i.e., 1 in every 5 deaths), 8% in Saint Catherine, 6% in Manchester, 5% in Clarendon as well as St. James, with the least being in Hanover (1%). Most of the deaths occurred in 2010 (9.24%) followed by 2011 (9.14%), with least death occurring in 2009 (7.43%). On disaggregating the overall proportion of deaths for the 12-year period, deaths in Kingston and Saint Andrew reads: 0.23 ≤ deaths ≤ 0.33. period. The majority of deaths occurred in January (9.8%), with the least being in December (7.8%). Although on average the least number of deaths occurred in December (7.8%); in 2011, 11% of Jamaicans died in December compared to 8% in Feburary and 9% in August as well as April-to-June. Furthermore, mortality is relatively consistent in February and August, with January showing the greatest fluctuation in incidence rate. In fact, on average, 8.3% of Jamaicans die each month. The incidence rate of mortality in January reads: 8% ≤ Mortality ≤ 12%. Model for Jamaica. The general Area-specific Mortality Rate for Jamaica between 1999 and 2012 is expressed in a mathematical notation: 5.10 ≤ ASMR ≤ 6.35. This means that mortality rate in Jamaica lies between 5.10 per 1000 to 6.35 per 1000 or that 5 people die in every 1000 of the mid-year population. In addition, Saint James, Kingston and Saint Andrew, and Manchester are parishes with the greatest rates of mortality in Jamaica, with Hanover having the least mortality rate than other areas. Table 6 shows the Area-Specific Probability of Death Model. The annual probability of mortality in Jamaica, for the studied period, is 0.005 ≤ p x ≤ 0.008. This denotes that probability of living through each year in Jamaica, for the studied period, lies between 0.992 and 0.995. Furthermore, the Area-Specific Probability Mortality for Kingston and Saint Andrew reads: 0.005 ≤ p x ≤ 0.008. Nevertheless, the probability of dying in Kingston and Saint Andrew is generally greater than that of Jamaica, which is equally the case in Saint James (i.e., 0.005 ≤ p x ≤ 0.008), Manchester (i.e., 0.006 ≤ p x ≤ 0.008), with the probability of dying being the least in Hanover (0.003 ≤ p x ≤ 0.005). Table 7 presents information that will allow us to answer two hypotheses H o 1 (i.e., null hypothesis one): Mortality in Jamaica ≠ ƒ (Urbanization, Sex-ratio) H o 2 (i.e., null hypothesis two): Urbanization contributes less to mortality than the sex-ratio Based on the information in Table 6 , with the p values of less than 5% for urbanization (i.e., p<0.0001) and sex-ratio (i.e. p=0.027) this rejects the null hypothesis that those variables are not factors of mortality in Jamaica. In fact, urbanization and the sex-ratio explain 88% of the variability in mortality in Jamaica, with urbanization explaining 79.9% of the variability and the sex-ratio contributing the remaining 8.1%. Further examination of direction of each factor is presented in Table 7 (See also, Eqn. [1] ):
Mortality function=A+αU+βS (1)
Where A is a constant, U is urbanization rate and S denotes the sex-ratio, parameters α and β˃0 H o 3: (i.e., null hypothesis three): An inverse correlation exists between urbanization and the sex-ratio Table 8 presents information on correlations between pairs of factors: mortality and urbanization; mortality and sex ratio; sexratio and urbanization. Hence, we fail to reject the null hypothesis. A strong positive statistical correlation exists between mortality and urbanization (Pearson's correlation coefficient=0.894; P<0.0001) and an indirect association between mortality and sex-ratio (Pearson's correlation coefficient=-0.621, P=0.012). A negative statistical association exists between urbanization and the sex ratio (Pearson's correlation coefficient=-0.857, P<0.0001). This denotes that the more an area in Jamaica is urbanized, the lower the sex ratio (i.e., number of males per 100 females) and vice versa.
Age-specific probability of mortality curve: H o 4 (i.e., null Figure 1 depicts an exponential function of the probability of age for male and female, Jamaica. The probability of age curve rejects the null hypothesis as death increases exponentially with advanced ages, expressed as:
h(x) = αe βx where α, β>0, + ∈ x R and h (x) is the probability of dying at age interval x over the range 0-75+ years.
The age-dependent component of mortality as forwarded by Gompertz is best concurred with this study at ages 40+ years in Jamaica as there is an exponential rise in mortality after 40 years. In fact, ages 4 to 40 years (i.e., 4 years ≤ age ≤ 40 years) sees fluctuations in mortality rates (probability of death) and then a rise 40+ years. Although, an exponential rise in mortality rates occurred between ages 14 and 25 years in the period of mortality fluctuations. This indicates that the exponential rise in mortality rates is not consistent over the entire age cohort as proposed by Benjamin Gompertz in 1825 [3] . The values for the probabilities of death for age and by the sexes are computed and presented in the Annex as well as graphically displayed in Figure 1 .
H o 5 (i.e., null hypothesis five): The probability of death for age is the same slope over the lifecourse.
H o 5 (i.e., null hypothesis five): The probability of death is the same slope over the lifecourse. Figures 2 and 3 depicts different slope between 5-39 years and 40-75+ years. In fact, an exponential function of the probability of age is depicted between for 40-75+ years and a straight line for ages 5-39 years old Jamaicans. The probability of age curves rejects the null hypothesis that death increases exponentially with over the lifecourse. The exponential increases in mortality occurs from 40+ years as well as advanced ages, expressed in Figure 2 (or equation h(x)):
h(x)=αe βx where α, β>0, + ∈ x R and h (x) is the probability of dying at age interval x over the range 40-75+ years.
The probability of death for Jamaicans ages 5-39 years is best expressed by a straight line ( Figure 3 ) and t(x)): t(x)=α+βx where α, β>0, x is 5-year age cohort, and t (x) is the probability of dying at age interval x, ages 5-39 years.
H o 6 (i.e., null hypothesis six): Urbanization constantly increases the rate of death in geographical areas. Figure 4 depicts two functions each expressing the rate of change in urbanization and how this affect the proportion of deaths in each parish. Based on the explanatory power (i.e., R 2 ), the straight line is a better fit of the data than the exponential function. Hence, we failed to reject the null hypothesis as propotion of deaths in each geographic parish is explained by a constant rate of change in urbanization. In addition to the aforementioned issues, when the rate of urbanization is 35% or greater, the proportion of deaths is at least 5% and urbanization beyond 90% is associated with a proportion of mortality of 20% (Figure 4 ).
Limitations
Mortality comprises of murder and non-murder components. Although the non-murder mortality figures used are numbers that are published nationally, due to calculation errors along with institutional coordination issues of data collection agencies, some of the data presented may either be a little more or a little less than expected. The non-murder component of mortality is the larger proportion, and this larger component is more affected by the errors and issues presented earlier. 
Discussion
The mortality discourse commenced as early as the seventeenth century with John Graunt [1] and this has increased with new tenets [2] [3] [4] [5] [6] . Unlike other studies in the mortality discourse, this research covers area-time specific mortality models, urbanization and the sex ratio explain mortality as well as the potency of each factor on mortality. Some of the findings that emerged from the current study are that the average probability of death in Jamaica for studied period is 0.006; the average mortality rate is 614 per 100,000; average murder rate is 50 per 100,000. On average murder accounts for 8% of average mortality, and the probability of mortality changes over the lifecourse. The majority of mortality in Jamaica occurred in Kingston and Saint Andrew (20% of total deaths) followed by Saint Catherine (8%), Manchester (6%) and then Saint James (5%). As it relates to time mortality rate, 9.8% of deaths occurred in January; 8.6% in March and 8.4% in April, June and November, with December having the least number of deaths (7.8%). Furthermore, urbanization accounts for 79.9% of the variability in mortality and this factor directly influences mortality. In addition to the aforementioned findings, areas with more females are more likely to have greater mortality.
The issue of urbanization influencing mortality is already established in the literature [27] [28] [29] [30] [31] , with this research concurring with past empirical findings. However, this study confirms that urbanized areas are more likely to have more deaths and this is equally the case if the area has more females than males. The parishes with the majority of deaths in Jamaica (Saint Andrew and Kingston; Saint James; Saint Catherine and Manchester), 39% of total mortality, have sex-ratios that are lower than 100 per 100 females, indicating that more females reside therein than males with the exception of Manchester. The rate of urbanization in Kingston (100%) and Saint Andrew (86.5%) is 93.5%, a sex ratio of 96.7 males per 100 females and 20% mortality occuring in these parishes, of which 1.96% of the deaths occur in January. On the contrary, Hanover has the least urbanization rate in Jamaica (10.5%), a sex-ratio of 101.7 males per 100 females and the lowest proportion of deaths (1%) compared to highly urbanized and proportion of deaths like Kingston and Saint Andrew, Saint James (urbanization rate=60%). It is urbanization's influence on mortality that is critical in the mortality discourse than gender and urbanization plays a dominant role in the death profile of Jamaicans. There has been a rapid urbanization of many rural areas in Jamaica as in 1970 the rate of urbanization was 40.6% and in 2011 it stood at 53.9% [25] , and this is associated with overcrowding, urban sprawl, poor housing and living conditions, poor sanitary convenience and other social amenties which are explaining the increasing rise in mortality in Jamaica and by extension low-tomiddle income nations.
Another new finding emerging from this study is the inverse correlation between the sex-ratio and urbanization, which indicates that on average areas in Jamaica with a greater degree of urbanization have a greater likeliness of having more females residing therein. Those findings can be contextualized with past research. A study by Bourne et al. [7] found that the mortality rate of Jamaicans 60+ years old is 58.64 per 100 of the mid-year population and that this was greater for females than for males. Another study by Bourne et al. [32] revealed that in 2008, 49.9% of mortality were related to chronic non-communicale diseases (male, 44.4%; female, 57.1%) as well as that ageing is associated with ageing-related diseases like chronic conditions (i.e, cardiovascular diseases, diabetes, cancers, arthritis). Those studies provided significant insights into the mortality rates of the current work, the feminization of deaths and also concurs with the current findings that deaths are feminized phenomenon in Jamaica. We can deduce from this research and those of the literature that urbanization, feminization, ageing at older ages and time of the year are reducing the life expectancy of Jamaicans, and that murder is secondary to communicable diseases as well as urbanization. There is a clear reality added by this study that mortality is shrouded by urbanization and masculinity, and that probability of death has being relatively consistent over the last 12 years in Jamaica, with murder playing a small role in the mortality discourse.
The life expectancy of Jamaican females is greater than that of males [24] , which offers an insight into the survivability of the sexes and account for the gender-mortality differential (i.e. greater probability of deaths of females than males), indicating that former have a different mortality profile than the latter, which concurs with the literature [33] [34] [35] [36] . Although mortality is a gendered phenomenon (i.e., occurring mostly among females) in Jamaica like in many nations, this research shows that urbanization is changing the mortality structure more than other issues in the mortality discourse. The difference between this work and the literature is that urbanization is accounting for majority of the deaths in Jamaica which is not the case in rural Australia [37] [38] [39] [40] [41] . Furthermore, another difference lies in the direction of urbanization and mortality between this study and the literature. In the literature there is an inverse correlation between mortality and urbanization [42] [43] [44] [45] [46] [47] , which is not the case in Jamaica. In fact, there is a dominance of urbanization in explaining the rise in mortality in Jamaica, which is not the case in the literature. A group of scholars opined that "Thus urban mortality decline by itself cannot drive urbanization" [47] , which is not the case in Jamaica as urbanization accounts for almost 80% of the variability in mortality. Bandyopadhyay and Green [47] offered an explanation for what is happening in Jamaica as it relates to the urbanization-mortality paradigm by suggesting that "Our preliminary results suggest that mortality decline causes urbanization through the creation of new cities rather than promoting urban growth in alreadyextant cities". Their perspective is profound in explaining what is occurring in Jamaica as the increases in mortality are owing to the expansion of new urban centres. This means that urbanization of new centres indicate 1) overcrowding, 2) congestion, 3) increase pollution, 4) reduced leisure time, and 5) those account for the greater degree of mortality occurring in Jamaica not due to the expansion of already urban areas. Such a proposition is encapsulated in the fact that the urban centre with the greatest proportion of mortality in Jamaica has a rate of urbanization of over 90% (i.e., Kingston and Saint Catherine) and this has been increasing at a constant over the past two decades, with the rate of urbanization in some parishes increasing at a geometric rate and having greater mortality than those with constant urbanization like Saint Catherine, Saint James, and Manchester. However, we do not concur with Bandyopadhyay and Green [47] that there is a causal link between urbanization and mortality even though there is evidence that the relationship is a very strong one. Another disagreement is with the direction of association, we found positive and Bandyopadhyay and Green [47] research turned out to be an inverse association.
In addition, the urbanization-mortality phenomenon as well as the sex-ratio mortality phenomenon is arithmetic law unlike the exponential law between the probability of mortality and age which concurs with Benjamin Gompertz's work on the law of mortality [3] . In fact, this work disagrees with the theory developed by that mortality rate increases more slowly at advanced ages [48] as well as the theory advanced by Gompertz [3] that mortality increases exponentially over the lifecourse. The rate of change of mortality of Jamaicans ages 5-39 years increases at a constant rate, while the rate of change of death at advanced ages, 40+ years, increases at an increasing rate (i.e., exponential rate). We can deduced from the current findings and those of the literature that lifestyle practices of the urban peoples are retarding the life expectancy of people in urban centres and resulting in the increases in deaths.
Conclusion
The results presented herein speaks to the dominance of urbanization in the mortality discourse and that time as well as the sexratio offers some insights into changes in mortality. Outside of those issues, time and the age cohorts are crucial in mortality discourse and at advanced ages the rate of mortality increases at an increasing rate compared to the constant rate at ages 5-39 years. Clearly, urbanization is an epidemic like chronic non-communicable diseases and practices of people in urban areas explain the risk factors associated with many diseases and the resulting mortality in developed and developing societies.
